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Rice (Oryza sativa L.) is one of the key crops of Pakistan which contribute 1.7% shares in GDP. Numerous factors are 
responsible for poor quality and low yield of rice; insect pests are one of those. White-backed plant hopper Sogatella 
furcifera is one of the most threatening pest of rice crop. During this research the relative efficacy of eco-friendly 
formulation of Beauveria bassiana (1.3x10° conidia/mL), Potassium silicate (SOmg/L), Imidacloprid (75mL/acre) alone 
and in combination was observed for sustainable management of S. furcifera. The estimated parameters were population 
density of S. furcifera and percent infestation losses. Data were recorded after first and second spray at different time 
intervals (2, 5, 10, 15 and 20DAT*). All treatments significantly suppressed the population of S. furcifera owing to their 
specific mode of action. The combined application of Beauveria bassiana, Potassium silicate and Imidacloprid gave more 
promising results as compared to other treatments. So, all these IPM strategies were strongly effective to suppress the 


population of S. furcifera and losses caused by them. 
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INTRODUCTION 


Rice (Oryza sativa L.) ranks second after wheat in terms of 
area harvested and it plays an important role in the economy 
of Pakistan (Sherawat et al., 2007). It provides 20% of the 
per capita energy and 15% of the per capita protein for 
humans worldwide. There are some numbers of factors 
causing reduction in rice yield. Among these factors are the 
insect pests which cause losses of 20-30% annually 
(Inayatullah et al., 1989; Salim et al., 2001). 

As reported by some authors (Ahmed, 1981; Hashmi, 1994), 
about 128 different insect species infest the rice crop but 20 
of them are of the major economic importance and 70 
species are pests of rice in Pakistan. Stem borers, white 
backed planthopper, leaf folder and grasshoppers are the 
pests of economic importance (Saleem et al., 2004). The 
losses caused by these pests are determined in Pakistan as 
20-30%, 25-30% or 40-50% annually (Mushtaq et al., 1985; 
Ahmad, 1987; Inayatullah et al., 1989; Hashmi, 1994; Salim 
et al, 2001 and Saleem, 2004). White backed plant hopper, 
Sogatella furcifera is also one of the important pests of rice 
in Pakistan. It causes 7-10% rice yield losses annually but it 
can destroy the crop totally in the severe infestation by 
causing hopper burns (Ashfaq et al., 2005). 

The genus of Beauveria (Balsamo) Vuillemin (Ascomycota: 
Hypocreales) includes effective natural pathogens of insects 
and can infect above 700 species of arthropods (Moraes et 
al., 2005). These fungi infect their hosts by penetrating 
through the cuticle, gaining access to the hemolymph, 
producing toxins, and grow by utilizing nutrients present in 


the haemocoel to avoid insect immune responses (Hajeck 
and Leger, 1994). In the pest control, entomopathogenic 
fungi may be applied in the form of conidia or mycelium 
which sporulates after application (Hoy, 1999). Their hosts 
of numerous pests and their large distinction in virulence 
towards different insect hosts make these fungi one of the 
more successful bio-control agents against insect pests 
(Rehner, 2005). 

Imidacloprid is a systemic insecticide (TomLin, 2000). It 
acts as a nicotinic acetylcholine (Ach) agonist (Song and 
Brown, 1998). It is not degraded by acetylcholinesterase 
(Hovda and Hooser, 2002). This blockage leads to the 
accumulation of acetylcholine which ultimately results in 
paralysis and death. It has a higher binding affinity for 
insect nerve receptors when compared to mammalian 
receptors and safer to use (Matsuda et al., 2000). 

Silicon application in paddy seedlings improved growth and 
suppressed pest population (Yoshihara et al., 1979; Epstein, 
1999; Ma, 2004). Application of potassium silicate and 
other silicon compounds suppress the population densities 
of insect pests such as sap suckers, borers and folivores, and 
non-insect pests like mites and spiders (Savant et al., 1997; 
Laing et al., 2006; Keeping and Kvedaras, 2008). Studies 
have shown that at high level of silicon, only fewer 
planthoppers can develop into adults, as well as prohibit the 
female fecundity and reduce the adult longevity (Salim and 
Saxena, 1992). 

Over reliance and indiscriminate use of highly toxic, 
hazardous pesticides have resulted in pest resistance, 
resurgence and higher magnitude of environmental pollution 
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leading to imbalance in natural ecosystem. Hence, the use of 
alternative eco-friendly strategies like microbial insecticides 
and micronutrients to induce host plant resistance was a 
more appropriate approach to suppress pest population. The 
aim of the present study is to evaluate the possible effect of 
B. bassiana, \midacloprid and Potassium silicate for the 
sustainable management of S. furcifera. 


MATERIALS AND METHODS 


A field experiment was conducted to investigate the 
combined effect of Beauveria bassiana, Imidacloprid and 
Potassium silicate against S. furcifera under normal field 
conditions. Field was well prepared according to the paddy 
field requirements. Irrigation and fertilizer were applied 
constantly to meet the crop's nutrient requirements 
adequately. There were eight treatments [T)- Potassium 
silicate alone; T,-B. bassiana alone; T3-Imidacloprid alone; 
T4-B. bassiana + Potassium silicate; T;-Potassium silicate + 
Imidacloprid; T,-B. bassiana + Imidacloprid; T,-B. 
bassiana + Imidacloprid + Potassium silicate and Ts- 
Untreated check]. All the agronomic practices were 
followed uniformly in all the plots. The experiment was 
carried out in Randomized Complete Block Design (RCBD) 
with factorial arrangement having three replications. 

Silicon treatment (in the form of potassium silicate) was 
conducted immediately after transplanting rice nursery (35- 
40 days old). The incidence of S. furcifera was observed at 
regular time intervals in each experimental unit and pre- 
treatment data were recorded. When population density of S. 
furcifera reached up to ETL level, the lst application of 
treatments was carried out. B. bassiana and Imidacloprid 
were applied with the help of hand sprayer according to the 
field rates in order to suppress the population of targeted 
insect pest. 

The post treatment data regarding population density and 
leaf infestation caused by S. furcifera were recorded after 3, 
5, 7, 10, 15 and 20 days of application by using standard 
procedures. Second application was conducted after 25" day 
of 1“ application and data were recorded after the same time 
interval as in the first application. 


Statistical Analysis: Standard procedures were followed to 
record the data. The obtained data were analyzed 
statistically by using suitable statistical package. The means 
were compared by Duncan’s Multiple Range Test (DMRT) 
for their significance at 5% probably level (Gomez and 
Gomez, 1985). 


RESULTS AND DISCUSSION 


Influenced Population Density: Results regarding 
population density (PD) of S. furcifera revealed that all the 
treatments had a significant effect on (PD). It was also 
noticed that results were more consistent after the combined 
application of Potassium silicate, B. bassiana and 
Imidacloprid. 


After the 20" day of 1“ spray application, PD was lowest 
(6.17%) in Potassium Silicate + B. bassiana + Imidacloprid 
treatment followed by B. bassiana + Imidacloprid with 
value 8.73% and that was at par with Potassium silicate + 
Imidacloprid (9.94%) and Imidacloprid (9.92%) (Fig. 1). 
As measured for the control treatment, PD was highest 
(13.53%) in potassium silicate treated plots. Similarly, after 
the 2"! day of application PD was highest (22.06%) in 
control treatment followed by potassium silicate treatment 
with value 17.73%. PD was minimum (11.74%) in 
Potassium silicate + B. bassiana + Imidacloprid potassium 
silicate and was 12.65, 13.26, 13.34, 14.76 and 15.86% in B. 
bassiana + Imidacloprid, Potassium Silicate + Imidacloprid, 
Imidacloprid, Potassium Silicate + B. bassiana and B. 
bassiana treated plots respectively, after the 2’ day of 
treatment application. 

Similarly, after 2" spray application (Fig. 2), PD of S. 
furcifera was minimum (1.89%) in Potassium silicate + B. 
bassiana + Imidacloprid treated plots followed by B. 
bassiana + Imidacloprid (3.54%) and that was at par with 
Potassium silicate + Imidacloprid (4.56%) after the 0° day 
of treatment application. PD was highest (41.26%) in the 
control treatment followed by Potassium silicate (8.54%). It 
was also observed that there was a decreasing trend in PD 
from the 2"' to 20" day of application. 


Suppressed Infestation (%): Results of percentage 
infestation revealed that untreated check plots suffered a 
higher population of S. furcifera which resulted in sever 
infestation and lead to a reduction in the economic yield. All 
treatments proved their efficiency in exerting stress over 
rice leaf folder PD and minimizing losses to enhance yield. 
As shown in Fig. 3, the combined effect of Potassium 
silicate + B. bassiana + Imidacloprid was highly effective 
for reducing the infestation of S. furcifera. The percent 
infestation in case of the 1 spray, where combined 
application of Potassium silicate + B. bassiana + 
Imidacloprid, was 17.12% and followed by 14.55, 11.98, 
9.42, and 6.86%, after the 2, 5, 10, 15, and 20" day of 
application, respectively. Infestation in case of B. bassiana 
+ Imidacloprid ranged from 20.75 — 10.88% between 2™ to 
20" day of application. After untreated check, highest 
infestation was observed in Potassium silicate treated plots 
and was estimated in the descending order; 2day (29.97%), 
Sday (27.45%), 10day (26.92%), 15" day (24.40%) and 20" 
day (21.87%). 

Furthermore, leaf infestation was the minimum (1.18%) in 
Potassium silicate + B. bassiana + Imidacloprid treated plots 
followed by B. bassiana + Imidacloprid (2.72%), Potassium 
silicate + Imidacloprid (3.42%), Potassium silicate + B. 
bassiana (4.26%), Imidacloprid (4.95%), B. bassiana 
(7.56%) and Potassium silicate with infestation value 
10.12% after the 20th day of 2nd spray application (Fig. 4). 
After the 2" day of application, infestation was highest 
(56.74%), followed by Potassium silicate (19.53%) and the 
minimum (4.29%) in Potassium silicate + B. bassiana + 
Imidacloprid treated plots. 


Potential of EPF along with Imidacloprid and Potassium silicate against S. furcifera 
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Figure 1: Comparative response of S. furcifera population 
density after 1st spray at different intervals of 
treatments 
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Figure 2: Comparative response of S. furcifera population 
density after 2nd spray at different intervals of 
treatments 
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Figure 3: Comparative effectiveness of different treatments 
against S. furcifera infestation at different time 
intervals after 1st spray application 
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Figure 4: Comparative effectiveness of different treatments 
against S. furcifera infestation at different time 
intervals after 2nd spray application 


n the case of B. bassiana + Imidacloprid, infestation value 
was 8.16% and that was at par with Potassium silicate + 
Imidacloprid was measured as 9.40%, followed by 
Imidacloprid and Potassium silicate + B. bassiana with 


infestation values of 11.58 and 11.88%, respectively after 
the 2"* day of application. 

As shown in the previously mentioned results, it was clear 
that Potassium silicate had substantial effect on enhancing 
the rice crop vigor against S. furcifera PD and percent 
infestation. It also showed very promising results when used 
either with Imidacloprid or with B. bassiana formulation. In 
this study, the synergistic interactions of Potassium silicate, 
B. bassiana and imidacloprid on S. furcifera were 
quantitatively much better in term of both PD and percent 
infestation reduction as compared to the other treatments. 
Rodrigues et al. (2003) revealed that rice depends on the 
availability of silicic acid at all phases of its growth as well 
as protection from abiotic and biotic stresses. Similarly, our 
results showed that Potassium silicate is an essential 
element for the production of rice crop which not only 
provide a nutrient to the crop plant but it also play an 
essential role in the activation of defense mechanism. It is 
evident from the present results that Potassium silicate 
hinders population of S. furcifera at each specified time 
interval and after 20DAT of second spray PD was recorded 
as 8.54 + 0.06. 

Results of the present research showed that the repeated use 
of B. bassiana caused a significant reduction in the pest 
population than uncontrolled plot. These results were 
supported by the findings of Sabbahi et al. (2008) since the 
application of B. bassiana as a conidial spray under field 
conditions requires tolerance of the conidia to UV light, low 
relative humidity, and the ability to persist on plant foliage. 
Hence, multiple applications can compensate for the 
pathogen’s intolerance to suboptimal field conditions. 

In addition, the present results suggested that Imidacloprid 
is also a systemic insecticide suppressing the pest 
population to a significant level. The pest density of S. 
furcifera was reduced to a significant number even at the 
time interval of 20DAT of second spray (5.06 + 0.29). 
These results were in consistence with that of Hughes ef al. 
(1997) because use of systemic insecticides affects the 
feeding cessation and ultimately reduced the degree of 
damage caused by these pests. 

Studies revealed that systemic insecticides are frequently 
thought to be more compatible with biological control than 
contact materials because natural enemies, feeding primarily 
on arthropod prey and not host plant tissues, have limited 
contact with the pesticides (Stapel et al., 2000). It is 
important to report that the current results showed that 
combined application of Potassium silicate, B. bassiana and 
Imidacloprid suppresses pest population to a significant 
level and decreases infestation losses. 

Current study revealed that integration of B. bassiana and 
Imidacloprid along with Potassium silicate increase the 
efficacy after different exposure time intervals and 
significantly reduced the infestation losses as well as 
increased yield which showed the compatibility of 
entomopathogenic fungi with systemic insecticides. Because 
Potassium silicate and B. bassiana alone did not gave as 
satisfactory results as used in combinations, similar results 
were found for the entomopathogenic fungi with different 
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pesticides (Milner et al., 2003; Sabbahi et al., 2008; Feng et 
al., 2003; Gatarayiha et al., 2010; Jiang ef al., 2012). 
Similar synergistic effects were observed against Colorado 
potato beetle by applying entomopathogenic fungi B. 
bassiana with synthetic chemicals (Anderson et al., 1989). 


CONCLUSION 

Needless to say that there is an urgent need for 
environmentally safe alternatives for the conventional 
synthetic insecticides which are in use today for the control 
of S. furcifera. All treatments significantly reduced PD of S. 
furcifera when compared to control due to their specific 
mode of action. The combined application of B. bassiana, 
Potassium silicate and Imidacloprid gave more promising 
control as compared to other treatments. So, all these IPM 
strategies were strongly effective to control PD of S. 
furcifera and reduction of losses caused by it. The present 
data are very useful for the development of an eco-friendly 
control tactic, which are regarded as potential candidates for 
the control of insect pests of rice crop in the field. 
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